Objectives: (i) To assess the severity of iodine de®ciency disorders (IDD), (ii) to determine the aetiology of IDD in Gujarat, (iii) to identify the best prevalence indicator of IDD, and (iv) to compare thyroid volume (TV) results with the WHO International reference. Methods: Five hundred and thirty schoolchildren (6±15 years) were studied from two districts (Baroda and Dang) and data were collected on dietary habits and parameters such as height, weight, thyroid size by palpation and ultrasonography, urinary iodine (UI), and blood thyroid stimulating hormone (TSH). Drinking water was analyzed for iodine content and food articles for goitrogens. Results: In Gujarat children median UI (interquartile range 56 (30±96) mg/l, mean TSH 1:71 6 2.10 mU/l, goiter by palpation 30%, and median TV 27.8 (23±35) ml. Females had lower median UI (48 (27±82) mg/l) and higher mean TSH levels (2.0 6 2.5 mU/l) than males. Applying the WHO ultrasonography reference to Gujarat children resulted in an enlarged TV-for-body surface area in almost 100% of subjects. Ninety-nine percent of females and 95% of males had enlarged TV-for-age. Three to eight times larger TV were seen in all subjects as compared with European children. Dang children were severely malnourished. Flavonoids like vitexin, glucosyl vitexin and apigenin were detected in pearl millet. Apigenin was never identi®ed in pearl millet. Dang district water was lacking in iodine content. Conclusions: IDD is a severe public health problem in Gujarat. Baroda district is a new pocket of IDD. High amounts of dietary¯avonoids in Baroda and Dang districts, and lack of iodine in Dang water, account for IDD. TV measurement by ultrasound is the best prevalence indicator of IDD.
Introduction
Iodine de®ciency is one of the oldest and most insidious of human health disorders and the ®ght against iodine de®ciency remains one of the major public health challenges at the end of the 20th century (1) . Iodine de®ciency may either act alone or in concert with other environmental factors to produce a spectrum of clinical conditions ± iodine de®ciency disorders (IDD). These environmental factors include dietary substances that interfere with normal thyroid function and promote thyroid growth (termed goitrogens).
Endemic goiter re¯ects the adaptive response of the thyroid to a lack of iodine. Although the thyroid gland may become very enlarged it is not usually associated with morbidity. By contrast, the most damaging and pernicious effect of iodine de®ciency is on the developing brain, an effect mediated by perturbations to maternal and fetal thyroid hormone homeostasis (2) . All iodine de®ciency disorders are preventable. Although iodine supplementation programs have been implemented in various countries since 1924, IDD remains a signi®cant world health problem. According to a recent WHO (1999) report on global status of IDD, two billion people are at risk (3) . The major health organizations have determined agreed criteria for a population to be considered iodine replete (1) . Although the technology and methods of implementation of iodine supplementation programs are relatively simple, the monitoring and timely assessments of such programs are more dif®cult. This is, in part, related to the low sensitivity and low speci®city of monitoring methods. The two commonest methods of monitoring are urinary iodine estimation (UIE) and childhood goiter rate (assessed by palpation). UIE is used as an indicator of present iodine intake, whereas goiter rate indicates past history of iodine de®ciency. Although there have been several reports highlighting the pitfalls of both methods, there are few studies that have applied each method to a population group, and speci®cally in areas where confounding factors such as high goitrogen intake and malnutrition may be signi®cant.
The aims of the present study were: (i) to assess the severity of IDD in Gujarat (Western India) by testing various prevalence indicators of IDD in this population; (ii) to determine the relative contribution of nutritional iodine de®ciency and goitrogens as causative factors in the aetiology of goiter in this region; (iii) to identify the best prevalence indicator of IDD and (iv) to describe thyroid volumes measured by ultrasonography in Gujarat schoolchildren and compare these with European schoolchildren (WHO has recently adopted thyroid volume ultrasonography results from European schoolchildren as the international reference (4)).
Subjects and methods

Background and geography
Endemic goiter and cretinism are widely distributed over the subcontinent of India in a broad Himalayan and sub-Himalayan belt. A conservative estimate suggests that about 150 million people are at risk of IDD, 54 million have goiter, 2.2 million suffer from cretinism and an estimated 6.6 million are affected by milder neurological de®cits attributable to environmental iodine de®ciency (5) . The Gujarat state has nineteen districts and a population of about 42 million, consisting of both urban and rural segments in most of the districts. Dang district has a predominantly tribal population (Fig. 1) . The majority of the rural and tribal populations belong to a low socioeconomic stratum of the society. Baroda district has never been investigated for IDD in the past but in Dang district the goiter prevalence by palpation was found to be 40% (6) , and the sale of non-iodized salt has been banned since this survey in 1994.
Diet
The majority of the population of Gujarat is mainly vegetarian and the diet consists of cereals like pearl millet, jowar, wheat and rice, pulses (tuver dal and udad) and vegetables like onion, chili, ginger, garlic, cabbage and beans. In addition to cereals, pulses and vegetables consumed by the rural population, the tribal population from Dang consumed nagli (a cereal), kharsani (type of oil used for cooking) and bamboo shoots as vegetables. The main evening meal for both the tribal and rural populations consists of pearl millet pancakes.
Population studied
Five hundred and thirty schoolchildren aged 6±15 years were selected randomly by home surveys (118 rural schoolchildren from Muval and Tentalav -two villages in the Baroda district) and school visits (412 tribal children from Dang). The study group comprised 283 boys and 247 girls (M:F ratio 1.15:1) (see Table  1 ). Figure 2 shows their age distribution. Information on sex, height and weight was recorded and the body surface area (BSA) was calculated by using the formula (7) 
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The IDD status was measured by clinical (thyroid size) and biochemical indicators. Palpation (1) and ultrasonography (8) that measured thyroid volume (TV) scored thyroid size. Random urine samples for urinary iodine (UI) and blood spots for thyroid stimulating hormone (TSH) determination were collected from all subjects.
Thyroid palpation
A simpli®ed classi®cation of three goiter grades (a modi®cation of the previous classi®cation having ®ve grades) as de®ned by WHO (1) was used: grade 0, no palpable or visible goiter; grade 1, palpable but not visible; grade 2, visible goiter when the neck is in the normal position. Thyroid palpation to determine thyroid size is less reliable in children (9, 10) .
Thyroid ultrasonography
The availability of portable ultrasound equipment has facilitated its application to de®ne goiter size in epidemiological ®eld studies (10, 11) . It gives a quantitative measure of TV that is largely free of observer bias.
Ultrasound scanning for TV determinations was carried out as recommended (8) using an Ausonics portable ultrasound machine with a standard 5.0 MHz transducer. Longitudinal and transverse scans were performed allowing the measurement of the thickness, the width, and the length of each lobe. The volume (V) of each lobe was calculated by two formulae (4, 10) .
WHO formula: V ml 0:000479´length mm width mm´thickness (mm). Rotation ellipsoid model formula: V ml 0:00052ĺ ength mm´width mm´thickness (mm).
Thyroid volume was calculated as the sum of the volumes of both lobes. The volume of the isthmus was not included. Thyroid glands were classi®ed as`normal' or`enlarged' using the WHO reference (thyroid volumefor-age (TV-for-age) and thyroid volume-for-body surface area (TV-for-BSA) (4)). Thyroid volumes greater than the 97th percentile values were considered abnormally large and those less than or equal to the 97th percentile values as normal. Statistical evaluation was performed by linear regression analysis. Determination of TV by ultrasonography can show an interobserver error of up to 30% and intraobserver variation of 2±15% (12) . A single observer (R M B) was used in the determination of TV in this study.
Urinary iodine
UI estimations were performed by a modi®ed acid digestion method (method E), based on the reaction between cerium IV and arsenic III (Sandell-Kolthoff reaction) using a Technicon Autoanalyzer II (13) . The results were expressed as micrograms of iodine per liter (mg/l).
Blood spot TSH
Blood spot TSH levels were measured using commercially available Bioclone neonatal TSH ELISA kits (Bioclone Australia Pty Limited, Marrickville, NSW, Australia) for the quantitative determination of TSH in human neonatal blood spots. 
Dietary goitrogens analysis
Cereal grains were powdered and subjected to soxhlet extraction for 3 h using methanol as the extracting solvent. The extracts were then analyzed by liquid chromatography-mass spectrophotometry without any attempt to pre-concentrate. The mass spectrometer (Hewlett Packard-1100) was operated in selected ion monitoring mode to monitor ions such as 433 (vitexin), 449 (luteolin-7-glucoside), 565 (aplin), 287 (luteolin) and 271 (apigenin).
Statistical methods
Proportion, mean, standard deviation, median and interquartile (IQ) range have been used to describe the data where appropriate. Statistical analyses were performed using SPSS software version 6.1.2.
Results
Male and female children of Gujarat, from the Dang and Baroda districts had similar distributions for variables of age, height, weight, and BSA. Although BSA did not show a signi®cant difference between the two districts (P 0:6), body mass index (BMI) was signi®cantly lower for the children from the Dang district compared with children from the Baroda district (P < 0:0001) ( Table 1 ). These effects are probably explained by a greater degree of malnutrition in the Dang children. Iodine content of drinking water was adequate (32 mg/l) in the Baroda district while it was lacking (0 mg/l) in the Dang district ( Table 2) .
The median (and IQ range) UI for all children from Gujarat was 56 (30±96) mg/l. Children from Dang had lower median UI concentrations (50 (27±90) mg/l) as compared with Baroda children (median UI 79 (48± 117) mg/l). Based on these values the Dang district would be categorized as having moderate iodine de®ciency and the Baroda district as having mild iodine de®ciency. Statistically highly signi®cant gender differences were noted in median urinary iodine values, with females from both districts being more severely affected (P 0:01) ( Table 1 ). The frequency distribution of the severity of iodine de®ciency for male and female children from the Dang and Baroda districts is shown in Fig. 3 . Fifty-four percent of females and 45% of males from the Dang district had UI levels below 50 mg/l (ideally <20% of samples should be below 50 mg/l (1)). By contrast, in the Baroda district 35% of females and 25% of males had UI levels below 50 mg/l.
The Gujarat children had a relatively high mean blood TSH level of 1:71 6 2.10 mU/l. The blood TSH levels were signi®cantly different in boys and girls (P 0:01) from the Dang district but not in those from the Baroda district (P 0:59). Females were more likely to have elevated TSH values (Table 1 ). Blood spot TSH values >5 mU/l were seen in 5% of girls and 3% of boys from the Dang district and 4% of both sexes from the Baroda district. TSH values >3 mU/l were noted in 30% of girls and 27% of boys from Dang and 21% of girls and 11% of boys from Baroda. Figure 4A (Dang) and 4B (Baroda) show the frequency distribution of TSH values by sex for the described ranges. TSH distribution curves were shifted to the right in children from the Dang district as compared with those from the Baroda district (Fig. 4A,B and Table 1 ). There have been no population normative values for TSH published for this population nor for schoolchildren from an iodine-replete environment.
Goiter by palpation was found in 157 out of 530 (30%) children with most of them having grade 1 goiter according to the WHO classi®cation. Grade 2 goiter was seen in two boys. In the Dang district, goiter was palpable in 36% of children whereas in the Baroda district, goiter was palpable in 6% of children ( Table 2) .
Median TV measured by ultrasonography was 27.8 (23±35) ml. Enlarged TV-for-BSA was seen in almost 100% of schoolchildren. TV-for-age above the 97th percentile (WHO) was seen in 99% of children from the Dang district and 91% of children from the Baroda district. Ninety-nine percent of girls and 95% of boys had enlarged TV-for-age (Table 2) . Although both the districts revealed a high prevalence of goiter by ultrasound (TV calculated by both the formulae), thyroid volumes were signi®cantly higher (P < 0:001) in the Dang district compared with rural subjects from the Baroda district (Table 1) . Gender wise, TV was signi®cantly different in the Dang district with boys having larger thyroids, but this was not seen in the Baroda district children (P 0:003 and P 0:2 respectively). Figure 2 Graph showing age distribution of schoolchildren in the described range. The numbers above the columns specify exact number of subjects in each age group. thyroid volumes were signi®cantly higher (P < 0:02) in Tentalav than Muval, two villages in the Baroda district.
Cereals like wheat, rice, pearl millet, jowar, nagli, and pulses like tuver dal and udad were examined for the presence of dietary goitrogens. We identi®ed various avonoids like apigenin, vitexin and glucosyl vitexin in pearl millet. The quantity of vitexin and apigenin was highest in pearl millet from Tentalav (Table 3) . In other cereals,¯avonoids were not identi®ed. Other goitrogens were detected from Dang district kharsani oil, but they remain unidenti®ed.
There was a weak but statistically signi®cant positive correlation (P < 0:01) between thyroid volume and BSA, weight and height (r 0:17, 0.10 and 0.2 respectively), whilst BMI and UI showed no signi®cant correlation (r 0:06) with the thyroid volume (P 0:17). However, a logarithmic regression of thyroid volume against BMI showed a weak correlation (r À0:11 and P 0:009). The best ®tting multivariate linear regression model for thyroid volume selected using backward elimination accounted for only 15% (R 2 ) of the variability in thyroid volume, as shown in Table 4 .
The BSA of children from Gujarat is much lower in comparison to European children. The TV-for-age and TV-for-BSA of Gujarat schoolchildren (both males and females) were from 3 to 8 times higher compared with the 50th and 97th percentile values for iodine-replete European schoolchildren including the WHO reference norms (Tables 5 and 6 ). However, the comparisons could be made only for children with BSA 0:8 to 1.2 m 2 (note: 9% of our study population had BSA <0.8 m 2 and only 1% had BSA >1.2 m 2 ).
Discussion
We used all prevalence indicators and epidemiological criteria to assess the severity of IDD in the state of Gujarat, aiming at a large target population of schoolchildren.
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www.eje.org Table 2 Thyroid size as determined by palpation or ultrasound (WHO). Using criteria recommended by WHO (1) for de®ning the severity and prevalence of IDD as a public health problem, Gujarat may be labeled as having a severe IDD problem based on clinical measurement of thyroid size, and mild IDD based on biochemical indicators. Thus, the study highlights the complexity of assessing the severity of iodine de®ciency in the presence of multiple confounding but interacting variables of not only a lack of iodine but also the presence of malnutrition and high goitrogen intake.
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www.eje.org Figure 4 Frequency distribution of TSH (mU/l) in described ranges in boys and girls from (A) Dang district and (B) Baroda district.
The Dang district was more severely affected by iodine de®ciency than the Baroda district. The median values for thyroid volume were higher in children from the Dang district as compared with those from the Baroda district. Lack of iodine in drinking water, along with known (¯avonoids in pearl millet) and unknown goitrogens is probably the explanation for these differences. Nutritional factors may also be responsible, as protein calorie malnutrition (PCM) has been reported to contribute to goiter development. By comparison, despite having adequate iodine in drinking water, Baroda schoolchildren showed a high prevalence of goiter possibly due to the concomitant effects of high intake of dietary goitrogens in their staple diet (various avonoids identi®ed by us in pearl millet).
In both districts, girls were more severely affected than boys as determined by biochemical indicators of UI and TSH. However, this was not re¯ected in thyroid size, either determined by palpation or by ultrasonography but a greater number of girls had enlarged TV-for-age. Previous authors had suggested that sex might in¯u-ence the development of thyroid size. A number of studies based on ultrasonography in iodine-suf®cient areas have found that girls have larger thyroids compared with boys during puberty (4, 14) whereas others report no difference in thyroid size by sex (9, 10, 15, 16) . Our study showed statistically signi®cant thyroid volume gender differences in children from the Dang district, with boys having greater TV, but clinically this difference was not important. There have been no population normative values for TSH published for this population nor for schoolchildren from an iodine-replete environment. This is an area of further research that is required. Furthermore, the data highlight the at-risk nature of the female population, given that a larger number of women in the child-bearing age group will still be iodine de®cient. This is particularly important because iodine de®ciency in fetuses and infants can lead to irreversible intellectual de®cits with great impact on the population (2). A similar ®nding of females having lower median UI values than males has also been reported in iodine-replete populations, in the National Health and Nutrition Examination Surveys I and III (17) .
We have identi®ed apigenin in pearl millet from the Baroda district and its quantity was almost double in one of the villages (Tentalav). The relatively greater intake of¯avonoids in children from Tentalav than those from Muval is re¯ected in higher median values for thyroid volume. Apigenin, an aglycone of¯avonoid glycoside, has been identi®ed from 6-propyl-thiouracil (PTU), an antithyroid drug, but had not previously been reported from pearl millet (18) . These previous studies have attributed the potent antithyroid effects of millet to the¯avonoids vitexin, glucosyl vitexin and glucosyl orientin, accounting for 67% of these effects in vitro. Apigenin is 3 to 5 times more active than vitexin, glucosyl vitexin and glucosyl orientin. In our study, avonoids in the form of apigenin, vitexin and glucosyl vitexin were identi®ed in pearl millet, a staple diet of Baroda schoolchildren. Interestingly, levels of apigenin and vitexin were higher in pearl millet from Tentalav compared with that from Muval (Table 3) .
Flavonoids interfere with the synthesis of thyroid hormones not only by inhibiting the thyroid peroxidase enzyme (catalyzing iodide oxidation) and thereby the organi®cation processes, but also by inhibiting the peripheral metabolism of thyroid hormones by acting on the iodothyronine deiodinase enzyme. This greater inhibitory effect is further enhanced by the additive effects exerted by¯avonoid metabolites, which are formed after ingestion of mixtures of¯avonoid glycoside present in many plant foodstuffs. As a result, the antithyroid effects of¯avonoid glycoside present in pearl millet may make a major contribution to, and be primarily responsible for, its antithyroid effects including causation of large goiter in the affected population.
The dissonance of thyroid size and biochemical indicators of iodine de®ciency is explained by several factors. First, it may be explained by the difference in the temporal nature of these indicators, where biochemical indicators are short-term markers of iodine de®ciency, whereas measures of thyroid size are longer-term indicators. Secondly, thyroid size as determined by palpation underestimates the extent of the problem and is inaccurate in the assessment of grade 1 goiter, and has low speci®city and sensitivity in goiters of grades 0 and 1.
From our study it is apparent that thyroid palpation is of limited value for epidemiological surveys of IDD and is insensitive in the assessment of schoolchildren. The best clinical indicator for the assessment of the severity and extent of IDD is estimation of thyroid volume by ultrasound (11, 12, 19, 20) . The present study highlights that the BSA reference should be preferred to the age-based reference range. The additional utility of thyroid ultrasonography is that it provides an integrated assessment tool for the multiple factors that in¯uence the development of goiter and thus the risk of other IDD.
www.eje.org and females with BSA > 1:0 m 2 due to small sample size. Note: 9% of children in the present study group had BSA < 0:8 m 2 .
